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ABSTRACT 
The annual return, seasonal occurrence, and site fidelity of Korean-Okhotsk 
or western gray whales on their feeding grounds off northeastern Sakhalin 
Island, Russia, were assessed by boat-based photo-identification studies in 
1994-1998. A total of 262 pods were observed, ranging in size from 1 to 9 
whales with an overall mean of 2.0'. Sixty-nine whales were individually iden- 
We dedicate this paper to Ken Norris, a pioneer and leader of research on the behavioral 
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ecology and conservation-related status of gray whales. 
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tified, and a majority of all whales (71.0%) were observed in multiple years. 
Annual sighting frequencies ranged from 1 to 18 d, with a mean of 5.4 d. 
The percentage of whales reidentified from previous years showed a continuous 
annual increase, reaching 87.0% by the end of the study. Time between first 
and last sighting of identified individuals within a given year was 1-85 d, 
with an overall mean of 40.6 d. Annual calf proportions ranged from 4.3% 
(1997) to 13.2% (1998), and mother-calf separations generally occurred be- 
tween July and September. The seasonal site fidelity and annual return of 
whales to this part of the Okhotsk Sea emphasize its importance as a primary 
feeding ground for this endangered population. 
Key words: western gray whale, Eschrichtius robustus, Okhotsk Sea, Russia, 
photo-identification, occurrence patterns, site fidelity. 
Gray whales are known to occur as two separate populations along the 
eastern and western margins of the North Pacific (Rice and Wolman 1971). 
While both populations were hunted to near extinction, only the eastern 
North Pacific or California-Chukchi gray whale has returned to pre-exploita- 
tion population levels (Reilly 1992, Clapham et af. 1999). The western North 
Pacific or Korean-Okhotsk gray whale was thought to be extinct as recently 
as the early 1970s (Bowen 1974) but is known to survive today as a remnant 
population (Brownell and Chun 1977, Blokhin et af. 1985, Berzin et af. 1990). 
This western population is presently considered one of the most endangered 
and little-known large-whale populations in the world (Berzin et af. 1995, 
Brownell et al. 1997, Brownell 1999, Clapham et af. 1999). The current pop- 
ulation size has been reported as 100-250 whales (Vladimirov 1994; Blokhin 
1996; Berzin, in press); however, no reliable quantitative data have existed to 
confirm these assessments. 
Basic information regarding the life history and biology of western gray 
whales is sparse, and only recently has this population come under concerted 
study (Brownell et af. 1997, Wiirsig et af. 1999). Historic sighting data and 
whaling records suggest that summer feeding grounds are in the Okhotsk Sea 
and that the whales migrate to presently unknown breeding grounds suspected 
to be along the coast of southern China (Henderson 1972, 1984, 1990; Ya- 
blokov and Bogoslovskaya 1984; Kato and Kasuya, in press). Sighting records 
from aerial and vessel surveys in the Okhotsk Sea between 1979 and 1989 
indicated that feeding gray whales aggregated predominately along the shal- 
low-water shelf of northeastern Sakhalin Island, Russia, and were particularly 
abundant off the southern portion of a coastal lagoon called Zaliv Pil’tun 
(Blokhin et af. 1985; Berzin et af. 1988, 1990, 1991, in press; Blokhin 1996). 
Concerns regarding the status of western gray whales have intensified as a 
result of continued low-level human-related mortality south of the Okhotsk 
Sea (Brownell 1999) and the onset of large-scale US.-Russian oil and gas 
development programs near the only known gray whale feeding ground within 
Okhotsk waters (Brownell et al. 1997, Wiirsig et af. 1999). In response to 
these concerns, a joint research project under the US.-Russian Environmental 
Agreement (Marine Mammal Project) was initiated in 1995 to examine the 
conservation status, occurrence, distribution, behavior, and potential human- 
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related disturbance of gray whales off the northeastern coast of Sakhalin Island. 
Principal research components of this project included aerial surveys, shore- 
based behavioral observations, theodolite tracking, acoustic monitoring, biopsy 
sampling, and photo-identification (Wiirsig et  af. 1998, 1999). Findings pre- 
sented here represent information from photo-identification studies between 
1994 and 1998, and summarize patterns of seasonal and annual occurence of 
western gray whales on their feeding grounds in the Okhotsk Sea. 
METHODS 
Study Area 
Zaliv Pil’tun (referred to here as Piltun Lagoon) is located on the north- 
eastern shore of Sakhalin Island, Russia (Fig. 1). The lagoon is approximately 
80 km long and 15 km across at its widest point. A single entrance connecting 
the inner lagoon with waters of the Okhotsk Sea occurs at 52”50’N, 143”20’E. 
This channel, approximately 18 km north of the lagoon’s southern boundary, 
served as the base from which studies reported here were conducted. The 
nearshore marine environment of the study site is predominately sand sub- 
strate, characterized by a gradually sloping and broad continental shelf. Water 
depths within 5 km of shore are almost uniformly less than 20 m (Fig. 1). 
Sea-surface temperature and salinity, as measured from our research vessel dur- 
ing 1997-1998, were 4”-15”C and 28%-34%0, respectively. Periods free of 
sea ice occur mainly between May and December; however, significant inter- 
annual variability exists. 
Datasets 
Data presented here were collected during four years: 1994, 1995, 1997, 
and 1998. Gray whale photographs from 1994 were taken 7-12 September 
during the filming of a wildlife documentary by one of the authors (HM). No 
information other than sighting locations is available for the 1994 sampling 
period. In 1995 a pilot study to determine the feasibility of conducting sys- 
tematic research in the Piltun area was completed 14-20 August (Brownell 
et af. 1997). Intensive follow-up work in July-September 1997 and 1998 
contributed substantially to the findings presented here. Because of the op- 
portunistic nature of the 1994 season and the brevity of the 1995 season, 
many analyses detailed here were restricted to only the more comprehensive 
1997 and 1998 datasets. However, the 1994 and 1995 samples provided par- 
ticularly valuable information regarding interannual sightings and general site 
fidelity patterns for known individuals. The sampling periods used for each 
respective analysis are defined. For example, the term “1995-1998” is used to 
define analyses that incorporated data from 1995, 1997, and 1998. 
Photo-Identification Surveys 
Boat-based photo-identi fication surveys following nearly identical research 
protocols were conducted during each of the 1995-1998 field seasons. These 
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Figure I. Map of Piltun study area. Inset shows relative location of Sakhalin Island 
in Sea of Okhotsk. 
surveys followed no predetermined systematic vessel track and were conducted 
in such a manner as to maximize encountering and photographically identi- 
fying as many whales as possible. Photographic data from 1994-1995 targeted 
right-side dorsal flank markings as the primary body aspect for identification 
purposes (Brownell et al. 1997). For the sake of intra- and interannual reli- 
ability, this methodological approach was continued in 1997-1998. Photo- 
graphs from 1997-1998 were taken with a Nikon F5 35-mm camera equipped 
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with a 100-300-mm zoom telephoto lens, 8 frames per sec motordrive, and 
databack. Video footage was recorded with a Sony DCR-VX1000 digital cam- 
era. Two 35-mm film types were used: Kodachrome 200 I S 0  color and T-Max 
400 IS0  black and white. 
Photographic surveys involved slow travel in a 4.5-m outboard-powered 
inflatable boat. The research team consisted of a boat driver, data recorder, 
digital video camera operator, and 35-mm camera photographer. Systematic 
search from the survey vessel was maintained until a whale sighting was made. 
Upon initial sighting of a pod, the survey vessel slowed to idle speed and 
maneuvered to a vantage point approximately 50 m from the whale(s). From 
this position observations on pod location (as determined by Global Position- 
ing System), time, behavior, and number of whales were recorded. 
The research vessel was then maneuvered within 5-15 m of the pod and 
individual whales were photographed. During the 1997-1998 photographic 
efforts, running commentaries regarding film-frame and video-counter number 
as related to particular whales were recorded on data sheets. Measures of water 
depth, location, and environmental conditions were documented on average 
every 3-5 min throughout the entire photographic session. In all cases at- 
tempts were made to simultaneously photograph and videotape the right dor- 
sal flank of each whale, followed by the left dorsal flank, and dorsal and ventral 
aspects of the flukes. Written observations and video footage collected at the 
time of each photographic session were used to link inter- and intraindividual 
body aspects whenever possible. 
Contact with whale pods was maintained until all individuals encountered 
had been photographed. The boat then motored away from the pod, where 
initial estimates of pod size and composition were revised if necessary and all 
film and written records reviewed for completeness. These procedures were 
repeated as the research vessel resumed travel and additional whale pods were 
encountered. 
A pod was defined as either a solitary individual, or two or more whales 
observed in close spatial proximity (within several body lengths of each other) 
and swimming in close association and generally coordinating their diving or 
direction of movement (see Clapham 1993). Pod size estimates were based on 
field observations and represented the product of a consensus among observers 
on the survey vessel. The term “calf” is used here to refer to young of the 
year. In all cases calves were initially identified by their small body size (about 
one-third that of a mature adult) and constant association with a particular 
adult whale. Calves documented to disaffiliate from their mothers at some 
point during the field season were termed “newly independent calves.” 
Photo-I&ntijication Analysis 
Photographic identification has proved to be a valuable research tool for 
gray whale studies (Darling 1984, Swartz 1986, Jones 1990) and served as 
the primary method for collecting the data presented here. As is true for the 
eastern population, western gray whales are easily identified by pigmentation 
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Figure 2. Examples of coloration patterns used for individual recognition of gray 
whales. 
patterns and scars (Fig. 2). Patches of barnacles (Cryptolepas rhacbianceti) and 
cyamids (Cyamzls scammoni and/or Cyamzls ceti) and occasionally-apparent kilter 
whale (Orcinzls orca) tooth rakes were not used for long-term recognition. 
Images of individual gray whales consisted of various aspects of the body, 
including the head, back, dorsal flanks, and flukes. To prevent cataloging 
different aspects of the same whale as more than one individual, the right 
flank was always used as the basis for initial identification. A whale was not 
given a subject identification number unless its right dorsal flank was pho- 
tographed at some point during the field season. Additional aspects of the 
body were used as identification aids, only if they were first matched with the 
respective right flank. 
Photographic matching was done by comparing new photographs to a cat- 
alog of previously identified whales. Once a prospective resighting was located, 
the current photograph was repeatedly compared to previous images and was 
required to match before being confirmed as a re-identification of a known 
individual. If a new photograph could not be matched after comparison to all 
other cataloged individuals, the whale was considered new and given the next 
available subject identification number. All images were processed and cata- 
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Table 1. Annual survey effort, number of pods encountered, and whales identified. 
Time in decimal hours. 
Hours Rolls Pods 
Sampling Number of obser- of film encoun- Whales 
Year period of surveys vation used tered identified 
9 1994 09107-09112 - - - - 
1995 0811 5-0811 9 5 10.1 15 23 26 
1997 07109-09108 22 33.4 72 114 46 
1998 07106-09129 3 5  50.5 91 125 5 3  
Overall 62 94.0 178 262 69b 
Information other than the number of whales identified not recorded. 
vious years, resulting in total of 69 known individuals. 
a Opportunistic photographs collected during several days in mid-September, 1994. 
Number of whales identified annually includes resightings of individuals from pre- 
loged by a single expert operator, with confirmation of both re-identifications 
and new whales by additional personnel. 
Digital video footage was collected simultaneously with still photography 
during a majority of the photo-identification surveys conducted in 1997 and 
1998. Each video session was reviewed frame by frame to verify and enhance 
the already established 35-mm photographic catalog. If the videographer re- 
corded a previously unphotographed whale or an additional aspect of an iden- 
tified whale, then a still print was made. Video images of whales not accounted 
for by 3 5-mm photographs were systematically matched following the protocol 
described above. The use of digital video proved especially valuable in increas- 
ing sighting frequencies and providing additional aspects of already identified 
whales. 
RESULTS 
Observation Effort 
Sixty-two photo-identi fication surveys totaling 94 h spent in direct obser- 
vation of whale pods were completed in 1995-1998 (Table 1). The greatest 
amount of observation occurred during 1998 (50.5 h), and the lowest during 
the pilot study in 1995 (10.1 h). A total of 511 whales in 262 pods were 
encountered, and 178 rolls of film and nine hours of digital videotape were 
used for individual identification. 
Rate of Discovery 
The number of whales identified increased during each of the four annual 
sampling periods (Fig. 3). Nine whales were identified in 1994 and 21 ad- 
ditional whales (including two calves) in 1995. The number of known indi- 
viduals increased to 56 (including two calves) in 1997, representing an increase 
of 26 new whales. With the addition of 13 new whales (including seven calves) 
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Survey Days Withln Each Annual S6mpllng Period 
Fzgwe 3 .  Rate of discovery curve for whales identified 1994-1998. Each solid circle 
represents one photo-identification survey. 
in 1998, a total of 69 individual whales (including 11 calves) were identified 
during the study. The continuous increase in the number of new identifications 
through 1997 and into 1998 indicated that at least some previously uniden- 
tified whales were present in the study area on a yearly basis. However, the 
rate at which previously unidentified whales were sighted reached an apparent 
asymptote by 24 July 1998, with only two new individuals identified in the 
final 26 surveys of the study. 
Occawence and Resighting Patterns 
Sighting frequencies for the 66 whales identified in 1997-1998 are plotted 
in Figure 4. As some whales were sighted more than once per day, the follow- 
ing analyses were constrained to include only one sighting per day. The num- 
ber of sightings per individual ranged from 1 to 8 in 1997 and 1 to 18 in 
1998, with an overall mean of 5.4 sightings per yr (Fig. 4). The period be- 
tween the first and last sighting of an individual whale in either 1997 or 1998 
ranged from 1 to 85 d. This measure was calculated only for whales photo- 
graphed on two or more days in a year and does not assume that the individual 
was absent from or present in the study area for the period between sightings 
(see Seipt et al. 1990, Clapham et al. 1993). The mean period between first 
and last sighting for whales observed in 1997 and 1998 was 35.9 d 5 SD 
17.74 (n  = 34) and 45.2 d t SD 24.38 (n  = 35) ,  respectively, with an overall 
combined mean of 40.6 d t SD 21.73 (n  = 69). 
Monthly occurrence patterns, a partial indicator of site fidelity, were ex- 
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Figure 4. Sighting frequencies for whales identified 1997-1998. 
1997 
1998 
Figure 5 .  Cumulative percentage and number of individuals sighted in each pos- 
sible monthly combination of 1997 and 1998. 
WELLER ETAL.:  WESTERN GRAY WHALE 1217 
TabZe 2. Annual return rates of identified whales. Numbers in year columns rep- 
resent percentage and number of whales identified in given year that were resighted 
in additional years. For example, 44.4% of whales first identified in 1994 were sighted 
in all four years of study. 
Number of 
Year first whales 
identified identified 1 year 2 years 3 years 4 years 
1994 9 - 44.4% 11.1% 44.4% 
(n = 4)  (n = 1) (n = 4) 
1995 21 14.3% 33.3% 52.4% - 
1997 26 34.6% 65.4% - - 
(n = 3 )  (n = 7 )  (n = 11) 
(n = 9) (n = 17) 
amined for the 1997 and 1998 datasets. The number of individuals occurring 
in each of seven possible monthly combinations is shown in Figure 5. In 1997, 
67.4% (n = 31) of the individuals identified were seen in two or three months. 
In 1998, 54.7% (n = 29) of the whales identified were sighted in two or 
three months (Fig. 5). It is likely, however, that the limited number of surveys 
(n = 4) conducted in the third month of 1997 may have contributed to an 
underestimate of actual monthly occurrence patterns for that year. 
Seasonal sighting patterns were also investigated for intra- and inter-annual 
consistency (Fig. 5). A majority of the whales sighted in two months during 
either 1997 or 1998 were sighted in consecutive months (ie., July-August or 
August-September) as opposed to an interrupted (i.e., July-September) 
monthly sighting pattern. Interannual repetition of individual monthly sight- 
ing patterns was not apparent. Of 15 whales sighted in only a single month 
of 1997, 26.7% (n = 4) showed a similar pattern in 1998. None of the whales 
sighted in 1997 and 1998 had the same two-month occurrence pattern, and 
of the 13 whales sighted in all three months of 1997, 53.8% (n = 7) were 
also sighted in all three months of 1998. 
Annual sighting frequencies for the 56 whales identified between 1994 and 
1997 ranged from one to four years (Table 2 and Fig. 6). Seventy-one percent 
of all whales identified (excluding seven 1998 calves) were sighted in multiple 
years. The longest interval between sightings was documented for whales 050 
and 068, which were first identified in 1994 and not seen again until 1998 
(Fig. 6). Interannual resighting patterns are detailed in Table 3. In 1995, 26 
individuals (including two calves) were identified; of the 24 non-calves, 20.8% 
(n = 5) were first identified in 1994. This resighting trend, albeit greatly 
amplified, was also apparent for the 1997 sample. During this effort, 46 in- 
dividuals (including two calves) were identified; of the 44 non-calves, 45.5% 
(n = 20) were previously identified in either 1994 or 1995. These interannual 
sighting patterns, based on 1994 and 1995 data, are likely to underrepresent 
actual return rates due to the limited number of sampling days in those years 
(see Table 1). In 1998, 53 individuals (including seven calves) were identified; 
of the 46 non-calves, 87.0% (n = 40) were already known from previous years, 
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Table 3. Annual sighting trends and resighting percentages of photo-identified 
whales. 
Percentage of Number of 
Number of Number of non-calves whales 
whales Number of new whales identified from seen only 
Year identified calves identified previous years in that year 
1994 9 - 9 NIA 0 
1995 26 2 21 20,8% (n = 5) 3 
1997 46 2 26 45.5% (n = 20) 9 
1998 53 7 13 87.0% (n = 40) 13” 
have been sighted in any other sampling period. 
a Seven of these 13 whales were “young of the year” calves, and therefore could not 
including one whale recorded as a calf in 1997. Therefore, during the 1998 
field effort only six new non-calf individuals were identified, and all but two 
of the 13 new whales for this year were photographed in the first month of 
the three-month field effort. 
Based on 1998 data alone, the minimum number of gray whales utilizing 
the study area was 53, consisting of 46 non-calves and seven calves. However, 
if each whale identified between 1994 and 1998 is assumed to be living, this 
number can be increased to 69 whales, including a minimum of 11 calves 
born between 1995 and 1998. 
Pod Sizes 
A total of 262 whale pods were observed between 1995 and 1998. Pod 
sizes ranged from 1 to 9 whales, with an overall mean of 2.0 2 SD 1.18 (n 
= 262), a median of 2, and a mode of 1 (Table 4, Fig. 7). Pods containing a 
single whale were the most frequently encountered, and accounted for 43.1% 
(n = 113) of all sightings. Overall, pods of 4 or fewer accounted for 97.7% 
(n = 256) of all sightings. 
The largest pod sizes were documented in 1995 (% = 2.3 -+ SD 1.18, n = 
23) and the smallest in 1997 (3 = 1.8 ? SD 1.33, n = 114) (Table 4). 
Between 1997 and 1998 overall pod sizes were larger in July (Z = 2.1 2 SD 
1.29, n = 89) and smaller in August (% = 1.8 ? SD 0.92, n = 77) and 
September (2 = 1.8 2 SD 1.26, n = 73). Analysis of variance revealed no 
significant difference in mean pod size by month (F (2,236) = 2.52, P = 
0.08) or between years (F (1,237) = 0.86, P = 0.35). 
c 
Figure 6. Occurrence patterns for whales photographically identified 1994-1998. 
Shaded cells represent presence in study area, M = mother with calf, and C = calf of 
that year. 
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Table 4. Pod size summary statistics. 
Number Mean Median Mode t SD Range in 
Y W  of pods pod size pod size pod size pod size pod size 
2.3 2 2 21.18 1-6 
114 1 1 21.33 1-9 
1998 125 2.0 2 2 * 1.02 1-6 
1995 
1997 
Overall 262 2.0 2 1 +1.18 1-9 
23 1.8 
2 
7 
r- 
N cv 
N 
N N 7 - 
I 
0 
, I  
Pods With and Without Calves 
Eleven calves and nine mothers were identified in 1995 and 1998 and 
ranked among the most frequently sighted whales. The observed crude birth 
rate, as calculated by dividing the total number of all whales identified (in- 
cluding calves) in a given year by the number of calves observed (see Clapham 
and Mayo 1990), ranged from 4.3% (1997) to 13.2% (1998). Of the two 
mothers identified in 1995, one was sighted in four years and one in three 
years (Fig. 6). The two mothers identified in 1997 were sighted in one and 
I :  
1 2 3 4 5 6 7 8 9 
Number of Whales Per Pod 
Figure 7. Frequency distribution of pod sizes between 1995 and 1998. 
WELLER ET AL.: WESTERN GRAY WHALE 1221 
three years, respectively. Finally, of the seven mothers identified in 1998, one 
was first sighted in that year, while 57.1% (n = 4) were observed in two years 
and 28.6% (n = 2) were sighted in each of the four years. When accompanying 
a calf in either 1997 or 1998, 55.6% (n = 5) of these mothers were sighted 
in all three months of that respective year, 33.3% (n = 3) were observed in 
two months, and 11.1% (n = 1) in one month (Fig. 6). 
Pods containing one or more calves in 1997-1998 ranged in size from 1 
to 8 whales, with a mean of 2.6 +_ SD 1.19 (n = 63), a median of 2, and a 
mode of 2. Pods without calves ranged in size from 1-9 whales, with a mean 
of 1.7 * SD 1.09 (n = 176), a median of 1, and a mode of 1. The number 
of calves identified in each field season between 1995 and 1998 was two, two, 
and seven, respectively (Table 3). Only one of the four calves identified prior 
to the 1998 season was subsequently resighted. Seven (77.8%) of the nine 
mothers identified were sighted in at least one year with a calf and one year 
without a calf. Five (71.4%) of these seven mothers had a higher number of 
total sightings when accompanying a calf than in years in which they had no 
calf. None of these mothers were sighted with a calf in sequential years. Of 
the two mothers identified with calves in 1995, one was subsequently sighted 
in 1997 with a calf and in 1998 without a calf, and one was sighted in 1997 
without a calf and in 1998 with a calf. While no data were collected in 1996, 
these calving patterns suggest a one to two-year interbirth interval for at least 
some reproductive females. 
Mothers and calves were closely bonded at the onset of each sampling pe- 
riod. However, photographic sighting records indicated that in 1997 one of 
the two mother-calf pairs had separated sometime between 27 August and 5 
September. In 1998 mother-calf disaffiliations were observed for five of the 
seven pairs. Apparent calf separations occurred between the following dates in 
gust-28 August, and 3 September-17 September. These dates extend from 
one day after the last sighting of the mother-calf pair together until the next 
sighting of either the mother or calf independent from one another. The ear- 
liest mother-calf separation may have occurred by 8 July-13 August, while 
the latest apparent separation occurred sometime between 3 and 17 September. 
Newly independent calves were occasionally sighted together or in the com- 
pany of other still affiliated mother-calf pairs. 
1998: 8 July-13 August, 29 July-13 August, 29 July-18 August, 23 AU- 
DISCUSSION 
During the study most whales demonstrated high levels of seasonal site 
fidelity and annual return to the area off the northeastern coast of Sakhalin 
Island, Russia. These inter- and intra-annual resighting patterns, combined 
with the continuous occurrence of feeding behavior, suggest that this coastal 
habitat plays an important role in the feeding ecology of this endangered 
population. 
Pod sizes observed during the present study were primarily small, with 
most groups composed of 4 or fewer whales. These observed pod sizes closely 
1222 MARINE MAMMAL SCIENCE, VOL. IS. NO. 4. 1999 
correspond with those reported for eastern gray whales feeding in the Bering 
and Chukchi Seas (Zimushko and Ivashin 1980, Votrogov and Bogoslovskaya 
1980, Bogoslovskaya et  a/. 1981, Wiirsig et al. 1986). Variables thought to 
influence group size include social factors, predation pressure, and prey avail- 
ability (Krebs and Davies 1993). As social factors related to breeding are 
presumably relaxed on the feeding grounds (Wiirsig et al. 1986), and predation 
pressure does not appear to be excessive (as measured by the low number of 
killer whale sightings during the study), the major determinate of group size 
during summer feeding is probably related to foraging efficiency. 
During the study period a limited number of whales (n = 69) were iden- 
tified. The rate at which previously unidentified whales were photographed 
reached a pronounced asymptote early into the final year of the study. Only 
six previously unidentified whales (excluding seven calves) were photographed 
in 1998, resulting in an overall 87.0% resighting rate. It is intriguing that 
the reported asymptote was reached in such a short period of time, especially 
given the limited number of surveys in 1994 and 1995. These findings rep- 
resent a clear departure from the typical patterns reported from other large- 
whale studies, and suggest that the western gray whale population is perhaps 
smaller than previously estimated (Vladimirov 1994; Blokhin 1996; Berzin, 
in press), or it may be only a discrete subpopulation consistently using the 
northeastern Sakhalin Island feeding ground. 
Gray whales in other parts of the North Pacific are suspected to sometimes 
segregate by age while on their feeding grounds (Zenkovich 1937, Votrogov 
and Bogoslovskaya 1980, Bogoslovskaya et  al. 1981, Darling 1984, Darling 
et al. 1998). One possible explanation for the low number of individuals iden- 
tified during the present study could be that only an age-specific portion of 
the population uses the northeastern Sakhalin coast. Age-class segregation was 
not, however, apparent in our observations. During the course of study we 
regularly documented the presence of adult reproductive females, their young 
of the year calves, numerous whales of apparent adult body size, and at least 
one known two-year-old individual. 
An additional alternative explanation for the low number of whales iden- 
tified during the study is that only a small portion of a larger population 
migrates to the northeastern Sakhalin Island coast. Small numbers of eastern 
gray whales have been reported to summer along the North American coast 
from Alaska to California, never fully migrating to more northern feeding 
areas (Rice and Wolman 1971). While a similar pattern may occur for the 
western population, aerial and ship-based surveys in the northern Okhotsk Sea 
reported finding concentrations of gray whales only in a small area off Piltun 
Lagoon (including some area outside the boundary typically covered by our 
research vessel during this study) (Blokhin et al. 1985; Berzin et al. 1988, 
1990, 1991; Blokhin 1996; Berzin, in press). Our lack of photographic effort 
in other regions along the Sakhalin Island coast, and the virtual absence of 
data from this population’s southern range off China, Korea, and Japan pro- 
hibit further speculation regarding potential subpopulation structuring. We 
are hopeful that a third sampling period equal in effort to 1997-1998 and 
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covering a broader geographic area will be completed in 1999, allowing the 
first quantitative mark-recapture population estimate to be calculated (Ham- 
mond 1986, Hammond et al. 1990). 
A majority of the whales identified between 1994 and 1998 displayed high 
rates of annual return to the study area. The annual return of whales to this 
region is similar to that reported for eastern gray whales off Vancouver Island 
(Darling 1984) and may be suggestive of foraging area philopatry as has been 
hypothesized for humpback whales (Megaptera nouaeangliae) in the southern 
Gulf of Maine (Clapham et al. 1993). Annual return to the same geographic 
feeding area has been observed for a variety of other baleen whales (Agler et 
al. 1990, Dorsey et al. 1990, Sears et al. 1990, Clapham et al. 1993), and in 
the present case emphasizes the significance of the Piltun region as an impor- 
tant feeding ground for at least some portion of the western gray whale pop- 
ulation. 
Occurrence patterns of the 66 whales identified between 1997 and 1998 
suggested a reasonably strong intraseasonal fidelity to the area. The mean 
period between first and last sighting of whales in the Piltun region was 40.6 
d, and over one-half of the whales identified on a yearly basis were sighted in 
either two or three months. However, even whales demonstrating seemingly 
strong site fidelity were on occasion apparently absent from the region. It is 
difficult to determine if breaks in individual resighting patterns represent 
occasions when whales were in the study area but were missed photographi- 
cally, or if they were indicative of movements to other regions between sight- 
ings. We suggest that whales take short excursions away from the study site, 
presumably related to foraging, but eventually return. Support for this idea 
comes from several survey days on which we sampled 20-25 km north and 
up to 10 km offshore of our typical search area. In each case whales found at 
the periphery of the study site were feeding, and all identified individuals 
(including one mother-calf pair) had previous and subsequent sightings within 
the more typical survey area. 
Darling et al. (1998) characterized gray whales off Vancouver Island as 
having “foraging ranges” that in some cases extend over hundreds of kilo- 
meters. While existing data are insufficient to allow us to reliably assess move- 
ment patterns outside the current study area, we suggest that the unique 
habitat structure and infaunal prey ecology characteristic of our study site 
favors seasonal site fidelity as opposed to the coastal ranging behavior described 
by Darling et al. (1998). Our photographic resighting data showing seasonal 
and annual fidelity appear to support this hypothesis, as do findings from over 
200 shore-based whale counts conducted between 1997 and 1998 from a 35- 
m lighthouse near the mouth of Piltun Lagoon (Wiirsig et aI. 1999). The- 
odolite-determined pod locations during these counts indicated that the high- 
est concentrations of feeding gray whales were usually within 10 km of the 
lagoon mouth and less than 5 km offshore (Wiirsig et al, 1999). Similarly, 
aerial and ship-based surveys of the Okhotsk Sea found only limited numbers 
of gray whales away from the northeastern Sakhalin Island coast (Blokhin et 
al. 1985; Berzin et al. 1988, 1990, 1991; Blokhin 1996; Miirsig et al. 1998; 
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Berzin, in press). This apparent distributional fidelity to the coastal waters 
near the channel opening of Piltun Lagoon may reflect a particular biological 
richness of the region, perhaps related to enrichment of nearshore marine 
waters by tidal effluent from the lagoon. While further information regarding 
the benthic ecology of the region is needed, this explanation may at least 
partially account for the high annual return and intraseasonal site fidelity 
observed. 
Eleven mother-calf pairs and nine mothers were identified during the study. 
Calves separated from their mothers between July and mid-September. Using 
a mean birth date of 10 January as calculated for eastern gray whales (Rice 
and Wolman 1971), it appears that calves off Sakhalin Island separate from 
their mothers at 6-8 mo. This age at separation closely corresponds with the 
7-mo lactation period estimated for the species (Rice and Wolman 1971). 
Thus, if August is used to estimate the typical period of separation for western 
gray whale mother-calf pairs, January may represent the peak calving period, 
as is true for the eastern population (Rice and Wolman 1971). 
Mother-calf pairs ranked among the most commonly sighted individuals on 
an intraseasonal basis, and 77.8% of these known mothers were sighted in 
multiple years of the study. Of the seven mothers identified in 1998, six were 
sighted in 1997 when they were newly pregnant. Both lactating and pregnant 
females are under especially high energy demands (Rice and Wolman 1971, 
Lockyer 1984). Therefore, it is imperative that they feed in regions capable of 
meeting their elevated energy requirements. The seasonal site fidelity and 
annual return of reproductive females reported here, combined with their need 
for high-quality habitat, suggests that the northeastern Sakhalin Island coast 
is of particular biological importance to this endangered whale population. 
ACKNOWLEDGMENTS 
Our sincere gratitude goes to S. Reeve for her participation in all aspects of this 
study. In the field we were fortunate to work with G. Carlash, B. Ferris, R. LeDuc, 
D. Golovenkova, Y. Ivashenko, T. Kasuya, R. Pitman, I. Seryodkin, Y. Shvetsov, G. 
Tsidulko, E. Vorobieva, V. Vladimirov, B. Ward, and K. Zharikov. Preparations for the 
study were provided by A. Acevedo, S. Arms, J. Blum, S. Brager, S. Lynn, K. Maze, 
M. Metro, A. Roberts, B. Walker, K. Willis, and S. Yin. Data reduction was patiently 
pursued by D. Allen, K. Bertalan, G. Gailey, A. Hamilton, C .  Littnan, J. Oswald, G. 
Parra, and L. Torres. M. DeAngelis cataloged the first Piltun gray whales from 1994 
and 1995. P. Clapham, one anonymous reviewer, and S. Reeve provided valuable com- 
ments on an earlier draft of this manuscript. Thanks to P. Clapham, J. Darling, D. 
DeMaster, T. Kasuya, S. Reilly, S. Swartt, and A. Yablokov for their excellent advice 
and willingness to serve as scientific advisors, and to W. Perryman for his valuable 
insight regarding eastern gray whales. Funding for the work in 1995 was provided by 
the Bureau of Oceans and International Environmental and Scientific Affairs, U.S. 
Department of State, International Whaling Commission, National Marine Fisheries 
Service, and the Humane Society of the United States. The 1997-1998 studies were 
funded by Sakhalin Energy Investment Company and Exxon Neftegas, and we ac- 
knowledge the assistance of N. Kralik, J. Ralston, L. Reitsema, P. Benefiel, and G. 
Kolesnikov. This project (1995-1998) was conducted as part of the Marine Mammal 
Project under Area V Protection of Nature and the Organization of Reserves within 
WELLER ETAL.: WESTERN GRAY WHALE 1225 
the US.-Russia Agreement on Cooperation in the Field of Environmental Protection. 
This represents contribution #65 of the Marine Mammal Research Program, Texas 
A&M University. 
LITERATURE CITED 
AGLER, B. A., J. A. BEARD, R. S. BOWMAN, H. D. CORBETT, S. E. FROHOCK, M. P. 
HAWVERMALE, S. K. KATONA, S. S. SAWVE AND I. E. SEIPT. 1990. Fin whale 
(BuZuenoptera physuZus) photographic identification: Methodology and preliminary 
results from the Western North Atlantic. Report of the International Whaling 
Commission (Special Issue 12):349-356. 
BERZIN, A. A. In press. Gray whales (Eschrichtius robustus) of the Okhotsk-Korean pop- 
ulation in the Sea of Okhotsk. Report of the International Whaling Commission 
(Special Issue 17). 
BERZIN, A. A., V. L. VLADIMIROV AND N. V. DOROSHENKO. 1988. Results of aerial 
surveys to study the distribution and abundance of cetaceans in the coastal waters 
of the Sea of Okhotsk in 1986-1987. Pages 18-25 in N. S. Chernysheva, ed. 
Nauchno-issledovatel’skie ra’boty PO morskim mlekopitayushchim severnoi chasti 
Tikhogo okeana v 1986-1987. All-Union Scientific Research Institute of Fisheries 
and Oceanography (VNIRO), Moscow. (in Russian). 
BERZIN, A. A., V. L. VLADIMIROV AND N. V. DOROSHENKO. 1990. Aerial surveys to 
determine the distribution and number of polar gray whales and beluga whales 
in the Sea of Okhotsk in 1985-1989. Itvestiya Tikhookeanskogo Nauchno-issle- 
dovatel’skogo Instituta Rybnogo Khozyaistva I Okeanografii (TINRO) 112:5 1- 
60. (in Russian). 
BERZIN, A. A., V. A. VLADIMIROV AND N. V. DOROSHENKO. 1991. Results of aerial 
surveys to study the distribution and abundance of whales in the Sea of Okhotsk 
in 1988-1990. Pages 6-17 in L. A. Popov, ed. Nauchno-issledovatel’skie ra’boty 
PO morskim mlekopitayushchim severnoi chasti Tikhogo okeana v 1989-1990. 
All-Union Scientific Research Institute of Fisheries and Oceanography (VNIRO), 
Moscow. (in Russian). 
BERZIN, A. A., S. A. BLOKHIN, H. MINAKUCHI, R. L. BROWNELL, JR., A. M. BURDIN 
AND V. N. BURKANOV. 1995. Bowhead and gray whale populations in the Okhotsk 
Sea. Abstracts, North Pacific Marine Science Organization (PICES). Workshop on 
the Okhotsk Sea and adjacent areas, Vladivostok, Russia, June 19-24. 
BLOKHIN, S. A. 1996. Distribution, abundance and behavior of gray whales (Eschricbtius 
robustus) of American and Asian populations in regions of their summer location 
nearshore of the Far East. Izvestiya Tikhookeanskogo Nauchno-issledovatel’skogo 
Rybokhozyaistvennogo Tsentra 12 1:36-53. (in Russian). 
BLOKHIN, S. A., M. K. MAMINOV AND G. M. KOSYGIN. 1985. On the Korean-Okhotsk 
population of gray whales. Report of the International Whaling Commission 35: 
BOGOSLOVSKAYA, L. S., L. M. VOTGOGOV AND T. N. SEMENOVA. 1981. Feeding habits 
of the gray whale off Chukotka. Report of the International Whaling Commission 
BOWEN, S. L. 1974. Probable extinction of the Korean stock of the gray whale (Es- 
chrichtius robustus). Journal of Mammalogy 55:208-209. 
BROWNELL, R. L., JR. 1999. Okhotsk gray whales: One of the most endangered whale 
populations. Sphere Square 132-3. CETUS Newsletter, Tokyo, Japan. (in Japa- 
nese). 
BROWNELL, R. L., JR., AND C. CHUN. 1977. Probable existence of the Korean stock of 
gray whales (Eschricbtius robustus). Journal of Mammalogy 58:237-239. 
BROWNELL, R.L., JR., S. A. BLOKHIN, A. M. BURDIN, A. A. BERZIN, R. G. LEDUC, R. 
L. PITMAN AND H. MINAKUCHI. 1997. Observations on Okhotsk-Korean gray 
375-376. 
3 1 :507-5 10. 
1226 MARINE MAMMAL SCIENCE, VOL. 15, NO.  4, 1999 
whales on their feeding grounds off Sakhalin Island. Report of the International 
Whaling Commission 47: 161-162. 
CLAPHAM, P. J. 1993. Social organization of humpback whales on a North Atlantic 
feeding ground. Symposium of the Zoological Society of London 66:131-145. 
CLAPHAM, P. J., AND C. A. MAYO. 1990. Reproduction of humpback whales (Megaptera 
nouaeungliae) observed in the Gulf of Maine. Report of the International Whaling 
Commission (Special Issue 12): 171-175. 
CLAPHAM, P. J., L. S. BARAFF, C. A. CARLSON, M. A. CHRISTIAN, D. K. MATTILA, C. A. 
MAYO, M. A. MURPHY AND S. PITTMAN. 1993. Seasonal occurrence and annual 
return of humpback whales, Megaptera nouaeungliae, in the southern Gulf of Maine. 
Canadian Journal of Zoology 7 1 :440-443. 
CLAPHAM, P. J., S. B. YOUNG AND R. L. BROWNELL, JR. 1999. Baleen whales: Conser- 
vation issues and the status of the most endangered populations. Mammal Review 
2935-60. 
DARLING, J. 1984. Gray whales off Vancouver Island, British Columbia. Pages 267- 
287 in M. L. Jones, S. L. Swartz, and S. Leatherwood, eds. The gray whale 
Eschrzchtius robustus. Academic Press, Orlando, FL. 
DARLING, J. D., K. E. KEOGH AND T. E. STEEVES. 1998. Gray whale (Eschichtius robustus) 
habitat utilization and prey species off Vancouver Island, B.C. Marine Mammal 
Science 14:692-720. 
DORSEY, E. M., S. J. STERN, A. R. HOELZEL AND J. JACOBSEN. 1990. Minke whales 
(Balaenoptera acutmostrata) from the west coast of North America: Individual rec- 
ognition and small-scale site fidelity. Report of the International Whaling Com- 
mission (Special Issue 12):357-368. 
HAMMOND, P. S. 1986. Estimating the size of naturally marked whale populations using 
capture-recapture techniques. Reports of the International Whaling Commission 
(Special Issue 8):253-282. 
HAMMOND, P. S., R. SEARS AND M. BERUBE. 1990. A note on problems in estimating 
the number of blue whales in the Gulf of St. Lawrence from photo-identification 
data. Report of the International Whaling Commission (Special Issue 12): 141- 
142. 
HENDERSON, D. A. 1972. Men and whales at Scammon’s Lagoon. Dawson’s Book Shop, 
Los Angeles, CA. 
HENDERSON, D. A. 1984. Nineteenth Century gray whaling: Grounds, catches, and 
kills, practices and depletion of the whale population. Pages 159-186 in M. L. 
Jones, S. L. Swartt, and S. Leatherwood eds. The gray whale Eschrichtius robustus. 
Academic Press, Orlando, JX. 
HENDERSON, D. 1990. Gray whales and whalers on the China coast in 1869. Whale- 
watcher 24: 14-16. American Cetacean Society, Los Angeles, CA. 
JONES, M. L. 1990. The reproductive cycle in gray whales based on photographic 
resightings of females in the breeding grounds from 1977-1982. Report of the 
International Whaling Commission (Special Issue 12): 177-182. 
KATo, H., AND T. KASUYA. In press. Catch history of the Asian stock of gray whales 
by modern whaling with some notes on their current status and migrations. 
Report of the International Whaling Commission (Special Issue 17). 
KREBS, J. R., AND N. B. DAVIES. 1993. An introduction to behavioural ecology. Black- 
well Scientific Publications, London. 
LOCKYER, C. 1984. Review of baleen whale reproduction and implications for man- 
agement. Reports of the International Whaling Commission (Special Issue 6):27- 
50. 
REILLY, S. B. 1992. Population biology and status of eastern Pacific gray whales: recent 
developments. Pages 1062-1074 in D. R. McCullough and R. H. Barrett, eds. 
Wildlife 200 1: Populations. Elsevier Applied Science, New York, Ny. 
RICE, D. W., AND A. A. WOLMAN. 197 1. The life history and ecology of the gray whale 
WELLER ET AL. : WESTERN GRAY WHALE 1227 
(Eschrzchtius robustus). American Society of Mammalogists Special Publication 3: 
SEARS, R., J. M. WILLIAMSON, F. W. WENZEL, M. BERuBB, D. GRENDRON AND P. JONES. 
1990. Photographic identification of the blue whale (Balaenoptera musculuss) in the 
Gulf of St. Lawrence, Canada. Report of the International Whaling Commission 
(Special Issue 12):335-342. 
SEIFT, I. E., P. J. CLAPHAM, C. A. MAYO AND M. P. HAWVERMALE. 1990 Population 
characteristics of individually identified fin whales Balaenoptera pbysalus in Mas- 
sachusetts Bay. Fishery Bulletin, U.S. 88:271-278. 
SWARTZ, S. L. 1986. Demography, migrations, and behavior of gray whales Eschricbtius 
robustus (Lilljeborg, 1861) in San Ignacio Lagoon, Baja California, Sur, Mexico 
and in their winter range. Ph.D. dissertation, University of California, Santa Cruz, 
California. 85 pp. 
VLADIMIROV, V. L. 1994. Recent distribution and abundance level of whales in Russian 
Far-Eastern seas. Russian Journal of Marine Biology 2O:l-9. 
VOTROGOV, L. M., AND L. S. BOGOSLOVSKAYA. 1980. Gray whales off  the Chukotka 
Peninsula. Report of the International Whaling Commission 30:43 5-437. 
WURSIG, B., R. S. WELLS AND D. A. CROLL. (1986). Behavior of gray whales summering 
near St. Lawrence Island, Bering Sea. Canadian Journal of Zoology 64:611-62 1 .  
WURSIG, B., D. WELLER AND A. BURDIN. 1998. Gray whales summering off Sakhalin 
Island, Far East Russia: Summary of research activities: June-September 1998. A 
joint U.5-Russian scientific investigation. Interim Contact Report to Sakhalin 
Energy Investment Company and Exxon Neftegas (unpublished). 19 pp. Available 
from Texas A&M University, Marine Mammal Research Program, Galveston, TX 
7 7 5 5 1 .  
WURSIG, B., D. WELLER., A. BURDIN, S. BLOKHIN, S. REEVE, A. BRADFORD AND R. 
BROWNELL, JR. 1999. Gray whales summering off Sakhalin Island, Far East Russia: 
July-October 1997. A joint U.S.-Russian scientific investigation. Final Contact 
Report to Sakhalin Energy Investment Company and Exxon Neftegas (unpub- 
lished). 101 pp. Available from Texas A&M University, Marine Mammal Research 
Program, Galveston, TX 77551. 
YABLOKOV, A. V., AND L. S. BOGOSLOVSKAYA. 1984. A review of Russian research on 
the biology and commercial whaling of the gray whale. Pages 465-485 in M. L. 
Jones, S. L. Swam and S. Leatherwood, eds. The gray whale Escbvicbtius robustus. 
Academic Press, Orlando, FL. 
ZENKOVICH, B. A. 1937. More on the gray California whale (Rhachianectes glaucus, Cope 
1864). Vestnik Akademiya Nauk SSSR Dal'nevostochnyi Filiala 23:91-103. (in 
Russian). 
ZIMUSHKO, V. V., AND M. V. IVASHIN. 1980. Some results of Soviet investigations and 
whaling of gray whales (Eschrzchtzus robustus Lilljeborg, 1861). Report of the In- 
ternational Whaling Commission 30:237-246. 
Received: 6 January 1999 
Accepted: 16 March 1999 
1-142. 
